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FLEXIBLE INTERCONNECT SUBSTRATE , FILM CARRIER, 
TAPE-SHAPED SEMICONDUCTOR DEVICE, 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME, 
CIRCUIT BOARD, AND ELECTRONIC EQUIPMENT 

5 

TECHNICAL FIELD 

The present invention relates to a flexible interconnect 
substrate, a film carrier, a tape-shaped semiconductor device, 
a semiconductor device and a method of fabrication thereof, and 
10 a circuit board, together with electronic equipment. 

BACKGROUND ART 

The tape automated bonding (TAB) method is known in the 

art for mounting semiconductor chips onto a flexible 
15 interconnect substrate. Leads are formed on the flexible 

interconnect substrate and these leads are connected to pads 

of the semiconductor chips. 

With this TAB method, the flexible interconnect substrate 

is curved and reel-to-reel processing is performed thereon , but 
20 when such a flexible interconnect substrate is wound onto a reel , 

the leads thereof may become bent. 

DISCLOSURE OF THE INVENTION 

The present invention was devised to solve this problem 
25 and has as an objective thereof the provision of a flexible 
interconnect substrate, a film carrier, a tape-shaped 
semiconductor device, a semiconductor device and a method of 
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manufacturing the same, a circuit board, and lectronic 
equipment that make it possible to prevent bending of the leads • 
( 1 ) A flexible interconnect substrate in accordance with 
the present invention comprises: a tape-shaped base substrate; 
5 and an interconnect pattern formed on the base substrate, 

wherein the base substrate includes s a first region in 
which a predetermined interconnect pattern has been formed and 
which will form a unit when separated from the base substrate; 
and a second region positioned next to the first region in the 
10 longitudinal direction of the base substrate; and 
f3 wherein the second region has a low-bending-resistance 

2Z portion which is formed in a region that excludes a central 

portion of the second region in the widthwise direction of the 
[3 base substrate, for ensuing that the second region bends more 

S? H 15 readily in the direction in which the longitudinal axis of the 
s base substrate bends, in comparison with the first region* 

jf * This aspect of the present invention ensures that a region 

£3 (a second region) that is designed to bend more readily is 

□ provided adjacent to a region (a first region) that is to be 

E3 - 20 punched out. When the flexible interconnect substrate is bent, 
stresses therefore concentrate in this second region, and thus 
the stress concentrations avoid the first region. This 
suppresses any bending of the interconnect pattern within the 
first region • 

25 In addition, the low-bending-resistance portion is 

formed in a region that excludes the central portion in the 
widthwise direction of the base substrate within the second 
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region, making it possibl to suppress excessive d formation 
of the second regions, even when the base substrat is pulled 
in the longitudinal direction, 

(2) In this flexible interconnect substrate, 
5 the low-bending-resistance portion may be one of 

through-holes, cuts, and a thinner portion. 

A thinner portion makes the bending resistance lower, and 
through-holes or cuts reduce the bending resistance to zero. 
Thus the term "low-bending-resistance portion" includes any 
10 portion where the bending resistance is zero, 
£3 (3) in this flexible interconnect substrate, the 

ifl configuration may be such that: 

2 a high-bending-resistance portion is formed in each of 

^3 the first region and the central portion of the second region 

H 15 in the widthwise direction of the base substrate; 
: the high-bending-resistance portion is formed to avoid 

M a region that excludes the central portion of the second region 

1% in the widthwise direction of the base substrate; and 

□ the region avoided by the high-bending-resistance 

20 portion forms a relatively low-bending-resistance portion. 

This configuration is not limited to a case in which the 
low-bending-resistanee portion is formed deliberately; it 
could also apply to cases in which the bending resistance is 
reduced by an increase in the bending resistance in all other 
25 portions , 

(4) In this flexible interconnect substrate, the 
configuration may be such thatt 
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a hole Is formed in the first region of the base substrat ; 

and 

a portion of the interconnect pattern is positioned 
within that hole. 

5 with this configuration, the portion of the interconnect 

pattern that is positioned within the hole is not supported by 
the base substrate, but since the stresses concentrate in the 
second region, as described above, the bending of a lead that 
is positioned within the first region is suppressed. 

10 (5) In this flexible interconnect substrate, 

the second region may be formed to bend more readily than 
the first region that bends readily due to the formation of the 
hole. 

The formation of the hole makes it possible for the first 
15 region to bend more readily, but the second region bends even 
more readily than that first region, making it possible to avoid 
stress concentrations in the first region. 

(6) in this flexible interconnect substrate, 

a plurality of the low-bending-resistance portions may 
20 be formed in a straight line within the second region, across 
the width of the base substrate. 

This makes it easier for the second regions to bend. 

(7) in this flexible interconnect substrate, 

the plurality of low-bending-resistance portions may be 
25 disposed on two edge portion sides of the base substrate, 
symmetrically with respect to the center in the widthwise 
direction of the base substrate. 
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This ensures that the substrat b nds readily in a manner 
that is symmetrical across the width thereof. 

(8) In this flexible interconnect substrate, 

the plurality of low-bending-resistance portions may be 
5 disposed on two edge portion sides of the base substrate, 
asymmetrically with respect to the center in the widthwise 
direction of the base substrate. 

This makes it possible to ensure that the substrate bends 
readily in a manner that is asymmetrical across the width 

10 thereof * 

(9) in this flexible interconnect substrate, 

the interconnect pattern may be formed to be offset 
towards either of two edge portions of the base substrate, with 
respect to the center in the widthwise direction of the base 

15 substrate. 

This makes it possible to dispose the interconnect 
pattern in correspondence with a asymmetrical mode of bending. 

(10) A tape-shaped semiconductor device in accordance 
with the present invention comprises: the previously described 

20 flexible interconnect substrate; and a semiconductor chip 
connected electrically to the interconnect pattern of the base 
substrate. 

With this aspect of the present invention, all the above 
described details of the flexible interconnect substrate apply. 
25 (11) Another tape-shaped semiconductor device in 

accordance with the present invention comprises s 

the previously described flexible interconnect 
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substrate ; and 

a semiconductor chip which is disposed ff set towards 
either of two edge portions of the base substrate, with respect 
to the center in the widthwise direction of the base substrate, 
5 and which is connected electrically to the interconnect pattern 
of the base substrate* 

with this aspect of the present invention, all the above 
described details of the flexible interconnect substrate apply. 
(12) A semiconductor device in accordance with the 
10 present invention has a shape obtained by punching out the base 
substrate of the previously described tape-shaped 
semiconductor device along an outline that surrounds the 
semiconductor chip. 

This semiconductor device is not limited to one obtained 
15 by punching out the tape-shaped semiconductor device as 
described above, but it can also apply to semiconductor devices 
that have the same configuration and shape as punched -out 
devices. Details of the flexible interconnect substrate are as 
described previously. 
20 (13) A circuit board in accordance with the present 

invention is connected electrically to the previously described 
semiconductor device* 

(14) Electronic equipment in accordance with the present 
invention comprises the previously described semiconductor 

25 device. 

(15) A method of manufacturing a semiconductor device in 
accordance with the present invention comprises the steps oft 
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winding the previ usly described flexible interconnect 
substrate onto a reel in preparation; and then pulling th 
flexible interconnect substrate out from the reel. 

in this aspect of the present invention, the base 
5 substrate bends as the flexible interconnect substrate is wound 
up, but it is possible to suppress bending of the interconnect 
pattern because the previously described flexible interconnect 
substrate is used therefore. 

(16) Another method of manufacturing a semiconductor 
10 device in accordance with the present invention comprises the 

f% steps of: winding a tape-shaped semiconductor device which 

It comprises the previously described flexible interconnect 

■J substrate and a semiconductor chip connected electrically to 

^ the interconnect pattern of the flexible interconnect substrate, 

r k" 15 onto a reel in preparation; and then pulling the tape-shaped 
~ semiconductor device out from the reel. 

[~ - In this aspect of the present invention, the base 

t3 substrate bends as the flexible interconnect substrate is wound 

up, but it is possible to suppress bending of the interconnect 
~ J 20 pattern because the previously described flexible interconnect 

substrate is used therefore. 

(17) In this method of manufacturing a semiconductor 
device, the flexible interconnect substrate may be punched out 
at the first region, during the step of pulling the tape-shaped 

25 semiconductor device out from the reel- 

BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 shows a flexible interconnect substrate in 
accordance with an embodiment of the pres nt invention. 

Figs. 2A and 2B show a usage state of the flexible 
interconnect snbstrate in accordance with this embodiment of 
5 the present invention. 

Fig. 3 shows a method of manufacturing a tape-shaped 
semiconductor device in accordance with an embodiment o£ the 
present invention. 

Fig. 4 shows a tape-shaped semiconductor device in 
10 accordance with an embodiment of the present invention. 
f 3 Fig. 5 shows a method of manufacturing a semiconductor 

=t device in accordance with an embodiment of the present: 

~- J invent ion . 

*~ Fig. 6 shows a circuit board in accordance with an 

15 embodiment of the present invention. 
& Fig. 7 shows an item of electronic equipment having a 

[7 semiconductor device in accordance with this embodiment. 

C3 Fig. 8 shows another item of electronic equipment having 

~fi a semiconductor device in accordance with this embodiment. 

iJ 20 Fig. 9 shows a modification of a flexible interconnect 

substrate in accordance with an embodiment of the present 

invention • 

Figs. 10A and 10B show another modification of the 
flexible interconnect substrate in accordance with an 
25 embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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Pref rred embodiments to which -this invention are applied 
will be described b low with reference to the accompanying 
figures, but it should be noted that the present invention is 
not limited to the embodiments described herein. 

5 

Flexible Interconnect substrate 

A flexible interconnect substrate in accordance with an 
embodiment of this invention is shown in Fig. 1. This flexible 
interconnecting substrate 1 comprises a base substrate 10 and 
10 a plurality of interconnect patterns 20. The flexible 
~ interconnecting substrate 1 could be handled by being wound onto 

3 a reel 46, as shown in Fig. 2A. If the TAB technique is to be 

applied, the flexible interconnect substrate is a substrate for 
? tab (a film carrier tape), but it is not limited thereto and 

LI 15 thus could equally well be a substrate for chip-on- film (COF) 
packaging or a substrate for chip-on-board (COB) packaging. 
~ The base substrate 10 is a base material of a tape-shaped 

3 form that acts as a support member for the interconnect patterns 

; 20. The base substrate 10 has flexibility. The base substrate 

3 20 10 is frequently formed of a polyiroide resin, but other known 
materials can be used therefor. If a plurality of sprocket holes 
12 are formed in the lengthwise direction along both sides of 
the base substrate 10, with respect to the widthwise direction, 
the flexible interconnect substrate can be moved out by an 
25 engagement with sprockets (not shown in the figure). 

If the TAB technique is to be used, one device hole 14 
(or a plurality thereof overall) is formed in the interconnect 
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patterns 20 n the base substrat 10. Bonding betw en a 
semiconductor chip 60 (see Fig- 4) and electrical connection 
portions therefor (such as inner leads 26 and 28) can be done 
through this device hole 14. The shape of the device hole 14 
5 is not particularly limited, so it could be of a size sufficient 
to completely accommodate the semiconductor chip 60 , or of a 
size that accommodates only part thereof. 

A plurality of the interconnect patterns 20 are formed 
on the base substrate 10. The base substrate 10 supports the 
10 interconnect patterns 20. with a flexible interconnect 
substrate 1 that has a three-layer substrate, the interconnect 
patterns 20 are attached to the base substrate 10 by an adhesive 
(not shown in the figure). With a flexible interconnect 
"f substrate that has a two-layer substrate , the interconnect 

fjj 15 patterns 20 are formed on the base substrate 10 with no adhesive 
therebetween. 

M The interconnect patterns 20 could be formed aligned in 

C3 the longitudinal direction of the tape-shaped base substrate 

iEj 10, or they could be formed across the width thereof, or they 

□ 20 could be formed in a matrix form (aligned in both the 
longitudinal direction and the widthwise direction). The 
interconnect patterns 20 often have the same shape, but they 
can also be of different shapes. For example, a interconnect 
pattern group that is configured of an array of n interconnect 
25 patterns 20 of n different shapes could be formed repeatedly. 

The interconnect patterns 20 can be formed of multiple 
layers of any of copper (Cu) , chrome (Cr) , titanium (Ti) , nickel 
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(Ni) , or titanium-tungsten (Ti-W) ? or of an single layer of any 
of those metals. The interconnect patterns 20 are preferably 
plated with a material such as solder, tin, gold, or nickel. 
If metal plating is performed in such a manner that a eutectic 
5 is created, it is preferable that metal bonding is easy to 
achieve- To facilitate the electrical plating of a plurality 
of the interconnect patterns 20, they could be connected 
electrically by plating leads (not shown in the figure). 

Each of the interconnect patterns 20 has a plurality of 
10 interconnects 22 and 24. More specifically, a plurality of 
interconnects 22 is formed in the longitudinal direction of the 
base substrate 10 on a first side of the device hole 14 (the 
upper side in Fig. 1) and a plurality of interconnects 24 is 
formed on a second side thereof (the lower side in Fig. 1). 
15 Each of the interconnects 22 and 24 comprises an inner 

lead 26 or 28 at one end thereof, an oblique portion 30 or 32 
that extends in a direction of an increasing spacing, and an 
end portion 34 or 36 at the other end thereof. 

The inner leads 26 and 28 protrude into the device hole 
20 14. The inner leads 26 and the inner leads 28 are each formed 
to be mutually parallel, and could be formed to extend in the 
longitudinal direction of the base substrate 10 . The inner leads 
26 and 28 act as electrical connection portions with the 
semiconductor chip 60. 
25 The oblique portions 30 and 32 axe formed to be inclined 

with respect to the direction in which the spacing of the inner 
leads 26 and 28 increases. The oblique portions 30 and 32 could 
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be formed to have either a linear shap or a curved shape. 

The end portions 34 and 36 ax s t t extend from the 
oblique portions 3 0 and 32, on the opposite side from the inner 
leads 26 and 28. Each group of end portions 34 and end portions 
5 36 is formed to be mutually parallel and could be formed to extend 
in the longitudinal direction of the base substrate 10. At least 
one of the width and pitch of the end portions 34 and 36 can 
be formed to be larger than that of the inner leads 26 and 28. 
The end portions 34 and 36 are connected electrically to other 

10 electrical components. In the example shown in Fig. 1, the end 
portions 36 of the interconnects 24 are formed to straddle an 
outer lead hole 38, and the portions of the end portions 36 that 
are within the outer lead hole 38 act as outer leads. 

The base substrate 10 comprises a plurality of first 

15 regions 44 and a plurality of second regions 45. Each first 
region 44 is a region that is to be punched out. In the example 
shown in Fig. 1, each first region 44 is positioned in a central 
portion across the width of the base substrate 10 . In other words , 
each first region 44 is positioned inward of edge portions of 

20 the base substrate 10 so that, when the base substrate 10 is 
punched out at the first region 44, both edge portions of the 
base substrate 10 are left, with respect to the width thereof. 
Alternatively, each first region 44 could comprise one side edge 
of the base substrate 10, or it could comprise the entire portion 

25 across the width of the base substrate 10 {from one side edge 
to the other side edge) . At least part of each Interconnecting 
pattern 20 is formed within one of the first regions 44. A 
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plurality of the first regions 44 (not nec ssarily all of them) 
are positioned in a line along the longitudinal dir ction of 
the tape-shaped base substrate 10. Note that the semiconductor 
chip 60 (see Fig. 4) is mounted on one of the first regions 44 
5 and the device hole 14 is formed within this first region 44. 

The second regions 45 are positioned between the first 
regions 44. More specifically, each second region 45 is 
positioned between two of the first regions 44 that are adjacent 
in the longitudinal direction of the base substrate 10. Each 
10 second region 45 is a part of the base substrate 10 and comprises 
r=i the entire portion thereof across the width thereof (from one 

side edge to the other side edge). 
%| Apertures such as through-holes, slits, or cuts are not 

*Z formed in a central portion of each second region 45 in the 

f J 15 widthwise direction of the base substrate 10. In other words , 
5 there is some of the material at the central portion of the second 

region 45 in the widthwise direction of the base substrate IO- 
CS This makes it possible to ensure that deformation is not too 
great, even when the base substrate is pulled. Note that the 
13 20 material that does exist in the central portion of the second 
region 45 in the widthwise direction of the base substrate 10, 
could be a material that supports the interconnecting patterns 
20 ( such as a polyimide resin) or it could be a different material 
(such as a single layer of a weak material or a hard material) * 
25 Regardless of what type of material is used, this material forms 
part of the base substrate 10 - Alternatively/ the portion within 
the central portion of the second region 45 in the widthwise 
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direction of the base substrate 10 could have a differ nt 
thickness from the portion that supports the interconnect 
pattern 20. That is to say/ the central portion of the second 
region 45 in the widthwise direction of the base substrate 10 
5 could be formed to be either thinner or thicker. 

At least one low-bending-resistance portion 40 is formed 
within each second region 45 (in Pig. 1, there are a plurality 
of low-bending-resistance portions 40)- This low-bending- 
resistance portion 40 is designed to ensure that the second 
10 region 45 bends more readily. than the first region 44. More 
specifically, each low-bending-resistance portion 40 bends 
easily in a direction such that the second region 45 bends along 
the longitudinal axis of the base substrate 10 (such as when 
the assembly is being wound on a reel). This ensures that when 
15 the base substrate 10 is being bent, such as when it is being 
wound, bending stresses concentrate in the second regions 45, 
avoiding bending stress concentrations at the first regions 44- 
As a result, there is little bending of the interconnecting 
patterns 20 within the first regions 44. 
20 The low-bending-resistance portions 40 shown in Fig. 1 

are slits, where these slits are formed to extend across the 
width of the base substrate 10- These low-bending-resistance 
portions 40 could also be through-holes, cuts, or thinner 
portions. Alternatively, the low-bending-resistance portions 
25 40 could be formed of a material that is weaker (and thus more 
bendable) than the material of the first regions 44. If the 
low-bending-resistance portions 40 are apertures such as slits, 
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the bending resistanc of the low-bending-r sistanc portions 
40 is zero. If there is some material in the low-bending- 
reslstance portions 40, such as in thinner portions, the 
low-bending- resistance portions 40 will have some bending 
5 resistance. 

A plurality of the low-bending-resistance portions 40 
could be formed at intervals across the width of the base 
substrate 10. In such a case, the low-bending-resistance 
portions 40 could be formed in a straight line across the width 
10 of the base substrate 10. in the example shown in Fig. 1, a 
f =* plurality of the low-bending-resistance portions 40 are 

disposed symmetrically on either side with respect to the center 

f f! 

Xj of the width of the base substrate 10- In this case/ 

" "symmetrical" means that they are symmetrical in both shape and 

fU 15 position, and the bending resistances thereof are also 
£ symmetrical . 

l & Alternatively, one low-bending-resistance portion 40 

□ could be formed across the width of the base substrate 10, 

f 2 straddling the center thereof, provided that the low- 

£3 20 bending-resistance portion 40 is not apertures alone. The 
entire second region 45 could also be formed as the low- 
bending-resistance portion 40. 

The second region 45 in which the low-bending-resistance 
portion 40 is formed preferably bends more readily than regions 
25 of the adjacent first regions 44 that comprise portions of the 
interconnecting patterns 20 that are more likely to deform. 
Portions of the interconnecting patterns 20 that are not 
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supported directly by the bas substrate 10 ar mor likely to 
deform* Examples include portions of the int rconn cting 
patterns 20 which are positioned within holes ( such as the inner 
leads 26 and 28 and the end portions 36 that form outer leads, 
5 which are positioned within the device hole 14 and the outer 
lead hole 38). It is therefore preferable to ensure that the 
second region 45 bends more readily than the edge portion© of 
the holes. 

A protective film 42 (see Pig- 5) could be provided on 
10 top of the interconnecting patterns 20- The protective film 42 
protects the interconnect patterns 20 from oxidation or the like. 
The protective film 42 could be formed of a resin such as solder 
resist. The protective film 42 is provided to cover is provided 
to cover the interconnect pattern 20 except for those portions 
15 in electrical contact with other components such as a 
semiconductor chip (such as the inner leads, external pine, and 
outer leads). The protective film 42 is provided to cover the 
interconnect patterns 20 except for those portions in 
electrical contact with other components such as a 
20 semiconductor chip (such as the inner leads 26 and 28, external 
pins, and outer leads). 

Each of the interconnecting patterns 20 is used to 
fabricate one semiconductor device/ and the flexible 
interconnecting substrate 1 is used to fabricate a plurality 
25 of semiconductor devices - The base substrate 10 is provided with 
a plurality of the first regions 44. Each first region 44 is 
punched out of the base substrate 10 to form a semiconductor 
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device- One interconnecting pattern 20 is formed in each first 
region 44, The interconnecting patt rn 20 could be formed to 
protrude from the first region 44 * In other words, part of each 
interconnecting pattern 20 could be positioned outside the 
5 corresponding first region 44. 

A usage state of the flexible interconnect substrate in 
accordance with this embodiment of the invention is shown in 
Fig- 2A, with a side view of part of the flexible interconnect 
substrate being shown in Fig. 2B. as shown in Fig. 2A, the 
10 flexible interconnecting substrate 1 is wound onto the reel 46. 
In this case, the axial line of the base substrate 10 in the 
longitudinal direction bends but the low-bending-resistance 
portions 40 are formed in the second regions 45 of the base 
substrate 10. Thus the second regions 45 formed in the low- 
15 bending-resis tance portions 4 0 bend greatly because the bending 
stresses concentrate in those positions , so that there is little 
bending of the first regions 44 in which the low-bending T 
resistance portions 40 are not formed, as shown in Fig. 2B. The 
interconnecting patterns 20 are formed in the first regions 44 
20 where there is little bending, as shown in Fig. 1, which makes 
it possible to suppress bending of the interconnecting patterns 
20. 

It is therefore possible to pull the flexible 
interconnecting substrate 1 off from the reel 46 and perform 
25 processing thereon, or perform reel-to-reel processing 
thereon . 
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Film Carrier 

In a film carri r in accordanc with another embodiment 
to which the present invention is applied, the flexible 
interconnect substrate of Fig. 1 is cut along lines in the 
5 wldthwise direction (the broken lines indicated by reference 
numerals %G in Fig- I ) • For example, the film carrier is a piece 
of film cut from the above described flexible interconnect 
substrate. Note that the positions at which the flexible 
interconnect substrate is cut are not particularly limited . In 
10 the example shown in Fig- 1, both sides of one interconnect 
patterns 20 act as cutting positions, but both sides of a 
-.3 plurality of interconnect patterns 20 could equally well be used 

\j as cutting positions. 

fU 15 Method of Manufacturing a Tape-shaped Semiconductor Device 
y The description now turns to a method of manufacturing 

H a tape-shaped semiconductor device in accordance with an 

fi embodiment to which the present invention is applied, with 

reference to Fig. 3. 
□ 20 as shown in Fig- 3, the flexible interconnecting 

substrate 1 has been previously wound onto the reel 46 and is 
conveyed therefrom to a bonding unit 50 for mounting 
semiconductor chips. A buffer region (slack portion) 52 is 
provided between the reel 46 and the bonding unit 50, so that 
25 the amount by which the reel 46 is drawn out ensures that 
semiconductor chips can be mounted on the flexible 
interconnecting substrate 1, not necessarily in 
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synchronization with th tact tim of th bonding unit SO. 

Since the flexible interconnecting substrat 1 is in a 
state such that it dangles under its own weight within the buffer 
region 52, it bends due to its own weight at the lowermost 
5 position thereof and thus bending stresses are applied to the 
flexible interconnecting substrate I. However, the flexible 
interconnecting substrate 1 in accordance with this embodiment 
of the invention is provided with the low-bending-resistance 
portions 40, eo these bending stresses concentrate at the 
10 low-bending-resistance portions 40. It is therefore possible 
f3 to prevent the bending stresses from concentrating at the 
IjJ electrical connection portion (such as the inner leads 26 and 

H 28), preventing the occurrence of cracks and broken wires. 

s = U IB Tape-Shaped Semiconductor Device 

" A tape-shaped semiconductor device in accordance with a 

f 7 further embodiment to which this invention is applied is shown 

C3 in Pig. 4, which is a cross-sectional view taken along a line 

fi across the width of the 10. 

O jo This tape-shaped semiconductor device has the above 

described flexible interconnecting substrate 1 and a plurality 
of semiconductor chips 60 that are connected electrically to 
the interconnect patterns 20 thereof. 

The planar shape of each semiconductor chip 60 is 
25 generally quadrangular, but it could be either rectangular or 
square. A plurality of electrodes is formed on one surface of 
each semiconductor chip 60. The electrodes are aligned along 
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at least one edg (or two or four edges, if more than one) of 
th surfac of the semiconductor chip. If th outer shape of 
each semiconductor chip 60 is rectangular, electrodes could be 
arrayed in the longer direction thereof, as in an IC for a liquid 
5 crystal drive by way of example, or they could be arrayed in 
the shorter direction thereof, in some cases, the electrodes 
may be arrayed at an end portion of the surface of each 
semiconductor chip €0, or they may be arrayed at a central 
portion thereof. The electrodes are often configured of pads 
10 that are formed thinly and flat of a material such as aluminum, 
with bumps formed on top thereof. If bumps are not formed, the 
pads alone become electrodes. A passivation film (not shown in 
the figure) is formed over the semiconductor chips, except for 
at least part of the electrodes* The passivation film can be 
J 5 formed of a material such as Si0 4 , SiN, or poly imide resin, by 
way of example. 

The electrodes of the semiconductor chips 60 could be 
bonded to the inner leads 26 and 28 of the interconnect patterns 
20 through the device hole 14, by applying the tab technique. 
20 Alternatively, face-down bonding of the semiconductor 

chips 60 could be employed, if a flexible interconnect substrate 
with no device hole 14 is used, in such a case, the flexible 
interconnect substrate could be a substrate wherein the active 
surface of each semiconductor chip 60 (the surface on which 
2B electrodes are formed) and the base substrate are on opposite 
sides, in other words, chip-on-fiim (COF) mounting. 

Alternatively, if wire bonding or the like is to be 
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employed, each semiconductor chip 60 could be bonded fac -up. 

In such a case, the active surface of th semiconductor chip 

60 (the surface on which electrodes are formed) is orientated 

in the same direction as the mounting surface of the base 
5 substrate of the flexible interconnect substrate. For example, 

the electrodes of the semiconductor chip 60 could be connected 

to the interconnect pattern 20 by wires (fine wireB) of metal 

to give a face-up-mounted substrate* 

The tape-shaped semiconductor device could have a seal 
10 portion 62 . The seal portion 62 seals in at least the electrical 

connection portions between the electrodes of the semiconductor 
\2 chip 60 and the interconnect pattern 20 (such as the inner leads 

26 and 28). This seal portion 62 is often formed of resin. 
=5 in addition, the end portions of the protective film 42 

f jj 15 preferably overlap the seal portion 62 at each boundary between 

portions of the interconnecting pattern 20 that are not covered 
H by the protective film 42 and portions that are covered thereby 

f 1 ! (see Fig- 5) - This makes it possible to prevent exposure of the 

Vi interconnect pattern 20. The seal portion 62 could be provided 

O 20 by potting or it could be provided by a transfer mold. 

Semiconductor Device and Method of Manufacturing the Same 

A semiconductor device and method of manufacturing the 
same in accordance with a still further embodiment to which this 
invention is applied is shown in Fig. 5. This semiconductor 
device is formed by cutting the tape-shaped semiconductor 
device of Fig. % along lines that extend in the widthwise 
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direction. Th tape-shaped semiconductor device could be cut 
on both sides of on interconnect pattern 20, using cutting 
tools 64 (such as cutters or a punch)/ as shown in Fig- 5 by 
way of example . These cutting positions could be those indicated 

5 by the broken line 48 in Pig. 1. 

The semiconductor device in accordance with this 
embodiment of the invention could be formed by punching out the 
base substrate 10 of the above described tape-shaped 
semiconductor device. The position of the punching could be 

10 along- the outline of one interconnect pattern 20. 

^3 Semiconductor Device and Circuit Board 

A circuit board in accordance with yet another embodiment 
*Z to which this invention is applied is shown in Fig. 6. As shown 

fU IB in Pig. 6, a semiconductor device 72 as described above is 
T connected electrically to a circuit board 70- The circuit board 

f* 70 could be a liguid crystal panel, by way of example. The 

□ semiconductor device 72 is formed by punching out the base 

it substrate 10 of the tape-shaped semiconductor device around the 

£3 20 outline that encompasses the semiconductor chip 60- 

The base substrate 10 of the semiconductor device 72 could 
also be provided with bends, as shown in Fig. 6. For example, 
the base substrate 10 could be made to bend around an end portion 
of the circuit board 70- 

25 

Electronic Equipment 

A portable telephonef80 is shown in Fig. 7 as an example 

^ A 
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of electronic equipment having a semiconductor devic to which 
this invention is applied. This portable telephon 180 has the 
circuit board 70 (liquid crystal panel) to which this invention 
^ is applied. A notebook-sized personal computer 190 having a 

5 semiconductor device (not shown in the figure) to which this 
invention is applied is shown in Fig. 8. 

Note that the -semiconductor chip" that is a structural 
component of the present invention could be replaced by an 
"electronic element and electronic elements (either active 
10 elements or passive elements) can be mounted on a flexible 
c 2 interconnect substrate or film carrier to fabricate an 

In electronic component, in a manner similar to that of a 

"J semiconductor element. Examples of electronic components 

w fabricated by using such electronic elements include optical 

IS IB elements, resistors, capacitors, coils, oscillators, filters, 
f temperature sensors , thermistors , var is tor s , variable 

U resistors, or fuses, by way of example. 

S3 Modifications 

20 A flexible interconnect substrate in accordance with a 

modification of an embodiment to which the present invention 
is applied is shown in Fig. 9. This flexible interconnect 
substrate comprises a base substrate 80 and interconnect 
patterns 90. The base substrate 80 comprises a first region 82 
25 and a second region 84 , and low-bending-resistance portions 86 
and 88 are formed in the second region 84. 

The low-bending-resistance portions 86 and 88 are 
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disposed asymmetrically on either side with respect to the 
central portion in the widthwise direction of the base substrate 
80 . In this case, "asymmetrically" means either that the shapes , 
numbers, or positions thereof are asymmetrical or that the 
5 bending resistances thereof are asymmetrical, m the example 
shown in Fig* 9, a plurality of low-bending-resistance portions 
86 are formed on the side of one edge portion and a small number 
{such as one) of low-bending-resistance portions 88 is formed 
on the side of another edge portion thereof. The low- 
10 bending-reslstance portions 86 on one side are circular, by way 
of example. The other low-bending-resistance portions 88 are 
elongated hole6, by way of example, that are formed to extend 
across the width of the base substrate 80. since the 
asymmetrical low-bending-resistance portions 86 and 88 are 
16 formed in the base substrate in this manner, the base 
substrate 80 can be made to bend readily in a asymmetrical 
manner. 

The interconnect patterns 90 are positioned offset 
towards one edge portion, with reference to the central portion 
S3 20 in the widthwise direction of the base substrate 90. The 
interconnect patterns 90 could be formed offset towards the 
parts of the low-bending-resistance portions 86 and 88 that bend 
more readily, by way of example. This ensures that portions 
within each second region 84, where bending stresses readily 
25 concentrate , are close to the interconnect patterns 90 , thus 
reducing the bending in the interconnect patterns 90. In this 
case, each first region 82 is positioned offset towards one edge 
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portion with respect to the central portion in the widthwis 
direction of the base substrate 90. 

In all other respects p details given with reference to 
the previously described embodiments apply also to this 
5 modification. 

A flexible interconnect substrate in accordance with 
another modification of an embodiment to which the present 
invention is applied is shown in Figs. 10A and 10B* This flexible 
interconnect substrate has the same configuration as the base 

10 substrate 10 that was described with reference to rig- 1. Pig- 
10A is a cross-sectional view of a first region 44 of the base 
substrate 10 and Fig. 10B is a cross-sectional view of a second 
region 45 of the base substrate 10- The device hole 14 and the 
sprocket holes 12 are formed in the base substrate 10. 

15 High bending resistance portions 100 are formed on top 

of the base substrate 10. The high-bending- resistance portions 
100 are designed to have a bending resistance that is higher 
than that of the region on which they are formed , and are 
preferably more rigid than the base substrate 10. The high-* 

20 bending-resistance portions 100 could be formed of a substrate 
that is more rigid than the base substrate 10 or they could be 
formed of a resist {solder resist), by way of example. 
Alternatively, the formation of the high-bending-resistance 
portions 100 ensures that, if the bending resistance of the thus 

25 formed region is increased, the rigidity thereof could make use 
of the high-bending-resistance portions 100 of a rigidity that 
is the same as or less than that of the base substrate 10. 
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As shown in Pig. 10A, the high-bending-r sistanc 
portions 100 are formed in the first region 44, but they ar 
also formed to exclude portions of the second region 45. The 
high-bending-resistance portions 100 are formed within a 
5 central portion in the widthwise direction of the base substrate 
10 , even in the second region 45. The parts of the second region 
45 in which the high-bending-resistance portions 100 are not 
formed act as relatively low-bend ing-res is tance portions 140. 
in other words, the low-bending-res is tance portions 140 are 
10 formed in parts of the second region that avoid the central 
portion in the widthwise direction of the base substrate 10. 
q The low-bending-res is tance portions 140 are formed in 

X\ regions of the second region 45 that avoid the central portion 

*\ in the widthwise direction of the base substrate 10. The 

ry 15 formation of the low-bending-res is tance portions 140 makes the 
second region 45 more likely to bend than the first region 44 
f* in the direction in which the longitudinal axis curves. 

Details that have been described with reference to Fig. 
;i 10 can also be applied to the previously described embodiment 

C3 20 and modification of the present invention. 

The description now turns to an example in which the 
present invention is applied to film carrier tape. The form of 
the film carrier tape in accordance with this embodiment has 
already been described with reference to Pig. 1. The film 
25 carrier tape in accordance with this embodiment shown in Fig- 
1 is fabricated by first forming the device hole 14 and the outer 
lead hole 38 in a tape-shaped substrate (the base substrate 10) 
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that has flexibility, then providing the interc nnect patterns 
20 around thes hoi s* 

The tape-shaped substrate is a film made of a polyimide, 
a plurality of sprocket holes 12 is provided at uniform spacing 
5 in the longitudinal direction along both edges across the width 
of the tape-shaped substrate, so that the tape-shaped substrate 
can be moved in the direction of transfer by the engagement of 
sprockets (not shown in the figure) provided in the transfer 
path* 

10 A plurality of punch-out regions (the first regions 44) 

are provided in this tape-shaped substrate along the 
longitudinal direction thereof, to correspond to the outer 
shapes of punch-out regions for the film carrier. 

The device hole 14, which is of a size just sufficient 

15 to accommodate the semiconductor chip 60 (see Fig- 4) , and the 
outer lead hole 38, which is adjacent to this device hole 14, 
are provided within each of these punch-out regions , and slits 
(as an example of the low-bending-resistance portions 40) that 
form bendable portions are provided on the outer sides of the 

20 punch-out regions, in other words, between adjacent punch-out 
regions* The interconnect pattern 20 is formed between the 
device hole 14 and the outer lead hole 38. One end of the 
interconnect pattern 20 is made to protrude from the edge of 
the device hole 14, to act as the inner leads 28 for the input 

25 side which are intended to connection pins that are formed in 
the surface of the semiconductor chip 60 ♦ The interconnect 
pattern 20 is drawn out to extend over the outer lead hole 38, 
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on th opposit side o£ the interconnect: pattern 20 from that 
of th inn r leads 28 for th input side. Th parts of the 
interconnect pattern 20 that straddle the outer lead hole 38 
act as outer leads which are intended to connection pins that 
5 are formed in an external substrate ( not shown in the figures ) • 
The inner leads 26 for the output side are formed on the 
opposite side of the device hole 14 from the inner leads 28 for 
the input side. The inner leads 26 for the output side are also 
formed to protrude in such a manner that there is a number thereof 
10 equivalent to the number of connection pins of the semiconductor 
chip 60. The interconnect pattern 20 that acts as one side- 
edge portion of the inner leads 26 for the output side are drawn 
out to extend to the opposite side on which the outer lead hole 
38 is formed, the thus extended portion is subjected to solder 
15 plating to provide connections with another external substrate, 
so that solder lands are formed thereby. 

The slits (as one example of the low-bending-resistaxice 
portions 40) that are formed between the punch-out regions (the 
first regions 44) are formed in a plurality of lateral rows in 
20 such a manner that the longitudinal direction thereof matches 
the widthwise direction of the tape-shaped substrate. The 
configuration is such that, when the tape-shaped substrate (the 
base substrate 10) is subjected to bending in the longitudinal 
direction thereof, the regions in which these slits are formed 
25 has the lowest bending resistance. In other words, if the shape 
of the slits when they are formed is set in such a manner that 
the proportion occupied by the slits across the width of the 

28 



00-11- 7! 1 :3 0PM;#±**fc*fi8ft«BJr 



OLIFF 



15397-0893 



# A- 47 



tap -shaped substrate is greater than that of the holes in other 
r gions , th dimensions of the substrate mat rial is less than 
those in the other regions, making it possible to minimize 
bending resistance. 
5 During the process of manufacturing the thus configured 

film carrier tape, the device hole 14 , the outer lead hole 38, 
and the slits are punched out of the tape-shaped substrate 
simultaneously, then copper foil is laminated over the surface 
of the tape-shaped substrate, and the copper foil is exposed 

10 and etched to form the interconnect pattern 20 • The film carrier 
tape that is fabricated by this sequence later accepts the 
semiconductor chip 60 in the device hole 14 and the inner leads 
26 and 28 are connected electrically. The semiconductor chip 
60 is then sealed into protective resin and the film carrier 

15 is punched out along the outer shape of the punch-out region. 
The semiconductor chip 60 thus forms a semiconductor device 
mounted on the film carrier. 

The above described manufacturing process can have a 
number of fabrication lines within each step, instead of having 

20 the entire process running along the transfer direction of the 
tape-shaped substrate, as in a single fabrication line. The film 
carrier tape is wound onto the reel 46 in a roll at the far end 
of each predetermined fabrication line and also that reel 46 
is placed at the start of the next-stage fabrication line, so 

25 that the film carrier tape can be sent out for the next-stage 
fabrication line. 

Cross-sectional views of portions of the film carrier 
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tape when wound onto the reel 46 ar shown in Figs. 2A and 2B. 
If the near end of the film carri r tap is attached to th core 
of the reel 46 and the film carrier tape is wound around that 
core, as shown in Pig. 2A, the film carrier tape forms a roll 

5 and the outer dimensions of that roll increases as the amount 
of tape wound thereon increases- In this case, the winding of 
the film carrier tape onto the reel 46 causes bending stresses 
to act thereon, but the provision of slits (the low- 
bending-resistance portions 40) in the film carrier tape 

10 ensures that the resistance to bending is low at the regions 
provided with those slits. This means that bending stresses 
concentrate at those portions and thus the film carrier tape 
is bent into a polygonal shape with the regions of the slits 
acting as vertices, as shown in Fig. 2B- For that reason, there 

15 is no concentration of stresses due to bending at the portions 
either side of the regions provided with slits, in other words, 
the regions in which the outer lead holes 38 are formed. It is 
therefore possible to prevent bending stress concentrations at 
the outer leads formed in each outer lead hole 38, thereby 

20 preventing the occurrence of cracking and breakage of the outer 
leads . 

The form of the fabrication line in which the 
semiconductor chips 60 are mounted on the film carrier tape will 
now be described with reference to Fig. 3. The film carrier tape 
25 that is drawn out from the reel 46 , as shown in Fig. 3 , is inserted 
into the bonding unit 50 of this fabrication line, where the 
semiconductor chips 60 are mounted. The buffer region (slack 
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portion) 52 is provided between the reel 46 and the bonding unit 
50 r so that the amount by which the reel 46 is drawn out ensures 
that semiconductor chips 60 can be mounted on the flexible 
interconnecting substrate 1, not necessarily in 
5 synchronization with the tact time of the bonding unit 50. 

Since the film carrier tape is in a state such that it 
dangles under its own weight within the buffer region 52 , it 
bends due to its own weight at the lowermost position thereof 
and thus bending stresses are applied to the film carrier tape* 
10 However, the rlltn carrier tape is provided with regions having 
slits and thus the bending resistance at those portions is small, 

f *% 

1 3 eo that bending stresses concentrate at those portions and thus 

l'\ the film carrier tape is bent into a polygonal shape with the 

« regions of the slits acting as vertices- For that reason, there 

f[j 15 is no concentration of stresses due to bending at the portions 
" either side of the regions provided with slits, in other words, 

M the regions in which the outer lead holes 38 are formed. It is 

-therefore possible to prevent bending stress concentrations at 
the outer leads formed in each outer lead hole 38, thereby 
£3 20 preventing the occurrence of cracking and breakage of the outer 
leads . 

In addition, the stresses are made to concentrate in the 
regions in which the slits ( the low-bending-resistance portions 
40) are formed, eo that there are no bending stress 
25 concentrations on the punch-out regions (the first regions 44 ) - 
There is therefor no deformation, not only of the outer leads 
but also of the inner leads 28 for the input side and the inner 
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leads 26 for the output side, making it possible to position 
the inner leads and the semiconductor chip accurately. 

Note that this embodiment of the invention was described 
with reference to positions where semiconductor chips are 
5 mounted on a film carrier tape, but the present invention is 
not limited to such positions and similar effects can be 
obtained by the buffer region 52 for other locations at which 
bending stresses are applied to the film carrier tape. 

in the method of manufacturing a film carrier tape in 
10 accordance with this embodiment of the invention, punch-out 
regions (the first regions 44) are set in sequence along the 
J longitudinal direction of a tape-shaped substrate (the base 

V\ substrate 10) that has flexibility, then bendable portions are 

=5 provided between the punch-out regions in such a manner that 

fij 15 the bending resistance thereof is less than that of the 
punch-out regions. Since the method of manufacturing film 
U carrier tape in accordance with this embodiment of the invention 

f*S ensures that the regions between the punch-out regions bend 

^9 readily, any attempt to bend the film carrier tape causes the 

C3 20 bending stresses concentrate at those bendable portions so that 
the film carrier tape bends at the bendable portions into a 
polygonal shape, thereby making it possible to prevent bending 
stress concentrations at the punch-out regions. 

note that it does not matter what is done at the bendable 
25 portions to reduce the bending resistance of the tape-shaped 
substrate, more specifically, there could equally well be slits 
formed in the lateral direction (the widthwise direction) of 
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th tape-shaped substrate, cuts introduced in the lateral 
direction of th tape-shaped substrat r or a lessening of the 
thickness of the tape-shaped substrate. 

The method of manufacturing a film carrier tape in 
5 accordance with this embodiment of the invention also includes 
a process in which punch-out regions (the first regions 44) are 
set in sequence along the longitudinal direction of a tape- 
shaped substrate (the base substrate 10) that has flexibility, 
the device holes 14 and the neighboring outer lead holes 38 are 

10 formed within these punch-out regions, then the interconnect 
patterns 20 are formed, each with one end portion protruding 
from a device hole 14 and another end portion straddling an outer 
lead hole 38. Before the interconnect patterns 20 are formed, 
slits are formed between the punch-out regions. This ensures 

15 that the bending resistance of the tape-shaped substrate 
between the punch-out regions is less than the bending 
resistance of the regions in which are formed the outer lead 
holes 38 that are straddled by the interconnect patterns 20. 
When the film carrier tape itself bends, the resultant bending 

20 stresses concentrate between the punch-out regions, that is, 
at the regions in which the slits are formed, so that there are 
no bending stress concentrations in the regions in which the 
outer lead holes 38 are formed, thus making it possible to 
prevent the application of stress to the outer leads. Forming 

25 the slits before the step of forming the interconnect patterns 
20 makes it possible to prevent the application of stress to 
the interconnect patterns 20 from the very start of their 
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formation* 

A film carri r tap in accordance with this embodiment 
of the invention comprises a tape-shaped substrate (the base 
substrate 10) that has flexibility/ punch-out regions that are 
5 set in sequence along this tape-shaped substrate, and bendable 
portions formed between the punch-out regions* The bending 
resistance between the punch-out regions is less than the 
bending resistance of the punch-out regions. With the film 
carrier tape in accordance with this embodiment of the invention, 
10 the bendable portions ensure that the bending resistance 
between the punch-out regions is lower. Thus, when an attempt 
\J is made to bend the film carrier tape, the bending stresses 

il concentrate at the bendable portions, making it possible to 

a * reduce the severity of bending in the punch-out regions, with 

fjj 15 no bending stress concentrations in these punch-out regions. 
*~ The film carrier tape in accordance with this embodiment 

of the invention comprises a tape-shaped substrate (the base 
£2 substrate 10) that has flexibility. Punch-out regions are 

\t formed in sequence along this tape-shaped substrate, and a 

C3 20 device hole 14 is formed within each of these punch-out regions . 

within each punch-out region is also formed an outer lead hole 
38 adjacent to the device hole 14, and an interconnect pattern 
20 which has an end portion that protrudes from the device hole 
14 and another end portion that straddles the outer lead hole 
25 38. Slits are formed by punching out between the punch-out 
regions. The bending resistance between the punch-out regions 
is made to be less than the bending resistance of regions in 
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which are formed the outer lead holes 38 that are straddled by 
the interconnect patterns 20. With the film carrier tap in 
accordance with this embodiment of the invention, any attempt 
to bend the film carrier tape applies bending stresses to the 
5 entirety thereof, but the provision of places in which slits 
are formed, with the weakest bending resistance, between the 
punch-out regions ensures that the bending stresses concentrate 
at those portions and the film carrier tape takes up a polygonal 
shape. In other words, there are no stress concentrations due 

10 to bending at the outer lead hole 38, and thus no stresses are 
applied to the outer leads that straddle the outer lead hole 
38. This makes it possible to prevent cracking or breakage of 
the outer leads - 

In the film carrier tape in accordance with this 

15 embodiment of the invention, the slits are formed in such a 
manner that the proportion occupied by the slits across the 
width of the tape-shaped substrate (the base substrate 10) is 
greater than the proportion occupied by the outer lead holes 
38 across the width of the tape-shaped substrate. With the film 

20 carrier tape in accordance with this embodiment of the invention, 
the remaining amount of the material of the substrate is least 
within regions in which the slits are formed, making it possible 
to reduce the bending resistance thereof below that of the other 
regions in which the outer lead holes 38 are formed. 
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